Local oscillations of the brane world are manifested as masssive vector fields. Their coupling to the Standard Model can be obtained using the method of nonlinear realizations of the spontaneously broken higher dimensional space-time symmetries, and to an extent, are model independent. Phenomenological limits on these vector field parameters are obtained using LEP collider data and dark matter constraints.
The quanta associated with the vibrations of a flexible brane world can signal the existence of extra space dimensions. One type of excitation common to all such brane world models is a massive vector [1] . These massive vectors can be produced in colliders and as such their properties can be constrained. Moreover, if they are stable, they are dark matter candidates and consequently subject to the limits set by the various corresponding searches. In this letter, we examine the phenomenological restrictions on these properties in a model independent manner.
The brane world spontaneously breaks the higher dimensional space-time symmetries down to those of the world volume and its covolume. The method of nonlinear realizations of spontaneously broken symmetries has been used to construct the Nambu-Goto action for the consequent Nambu-Goldstone bosons of this spontaneous space-time symmetry breakdown [2] . These scalar fields describe the oscillations of the brane into the covolume. When the back reaction of the geometry is included with the gravitational fields being dynamic, the gravitational Higgs mechanism occurs with the brane oscillation (branon [3] ) Nambu-Goldstone boson scalar fields being eaten by the dynamic zero mode higher dimensional vector fields. This results in brane oscillation world volume massive vector (Proca) fields appearing in the brane world, denoted X i µ , with i = 1, 2, . . . , N , where N is the dimension of the covolume, and the Greek indices are those of the world volume, µ = 0, 1, 2, 3.
The coset method has been extended to include the treatment of spontaneously broken local space-time symmetries. This has given the higher dimensional invariant coupling of the massive brane vector fields to themselves, the graviton, and the Standard Model fields. It is the latter which we consider in this letter and hence we focus on the gauging of the spatial translations in the extra dimensions. Expanding the action in terms of the number of brane vectors, a D = (4 + N )-dimensional invariant world volume effective action is given by
Here F 4 X is the brane tension, M X is the vector mass and K 1 , K 2 are dimensionless parameters of the effective Lagrangian. The coupling to T SM µν , the Standard Model energy-momentum tensor, has its origin in the induced metric on the brane which accounts for the brane motion into the extra dimensions. It is the action one obtains in the minimal case of gauging the globally invariant lowest order coupling of the branon Nambu-Goldstone bosons to the Standard Model fields in which case only the Standard Model energy-momentum tensor, T SM µν , coupling term is present. From the general effective action point of view, however, the extrinsic curvature allows additional new interactions with the Standard Model fields. Since the coupling must be SU (3) × SU (2) × U (1) invariant, so must the Standard Model operators. The lowest dimension such terms are the hypercharge field strength tensor, B µν , and its dual,B µν . A coupling to the invariant Higgs bilinear H † H is also possible and leads to possible new invisible Higgs decay modes which will be discussed elsewhere.
Note that the above effective Lagrangian exhibits an unboken global SO(N ) symmetry which reflects the various equivalent ways of embedding the brane in the higher dimensional space. Since the brane vector fields carry the unbroken global SO(N ) charge, they must appear pairwise in any SO(N ) invariant effective action. Consequently, in such an isotropic codimension brane world model, the brane vector particles are stable.
Data from the lepton colliders LEP-I [4] and LEP-II [5] can be employed to give excluded and allowed regions for the M X -F X (as well as codimension N ) parameter space. In particular the annihilation of a fermion and anti-fermion to produce a single photon and two brane vectors which escape the detector as missing energy is used to delineate the regions of this parameter space. In addition, the limit on the allowed width of invisible Z-decays, Γ Z→XX ≤ 2 MeV, provides additional constraints on the parameter space and in particular the extrinsic curvature coupling constants. Data from LEP-II for e + e − → γ + XX → γ + E / is in agreement with the expected results from the Standard Model. This lack of discovery places a bound on the contribution of the brane vectors to the missing energy cross-section. The number of brane vector missing energy events must be less than 5 sigma of the Standard Model background σ γXX L LEP−II ≤ 5 N SMbkgrnd . Using the integrated luminosity for LEP-II, L = 138.8 pb −1 , at an average center of mass energy of √ s = 206 GeV, a bound on the brane vector parameters is obtained as σ γXX ≤ 0.45 pb. In order to distinguish the constraints that the various interaction terms place on the brane tension and brane vector mass the plot on the left of Fig. 1 includes only the interaction with the Standard Model energy-momentum tensor with the extrinsic curvature derivatively coupled brane vector terms are set to zero, K 1 = K 2 = 0. The plots are quite insensitive to the value of N for codimension N = 1 as the line of exclusion varies according to N 1/8 . As such they are presented for N = 1. The corresponding delineation of parameter space in the global symmetry case containing only the branon scalar (longitudinal vector) contribution is shown as the red colored excluded area with the orange and red region excluded in the case of the brane vector. On the other hand, in the plot on the right hand side of Fig. 1 the energymomentum tensor interaction terms are ignored in comparison to the interactions that are due to the extrinsic curvature with K 1 = K 2 = 1. In addition the constraints on parameter space due to the LEP-I limits on the invisible Z-decay into two brane vectors are depicted in Fig.  1 .
Since for this isotropic codimension case, the brane vectors they are stable particles, they are candidates for dark matter. In order to determine the viability of their candidacy the minimal case of no extrinsic curvature coupling, K 1 = K 2 = 0, is considered. The dark matter constraints on the remaining M X -F X parameter space are obtained from a combination of the dark mater density result as reported by the WMAP collaboration [6] their fit of the cosmological parameters to the cosmic microwave anisotropy data, and the limits on the spin independent cross-section of dark matter particles scattering off a nucleon as reported by the CDMS II [7] and collaborations from the non-observation of a signal in their direct dark matter detection experiments. The relic abundance of the brane vector as a function of its mass M X and the scale F X is calculated according to standard methods. It is assumed that at some point during the evolution of the Universe the population of brane vectors is in thermal equilibrium with the population of Standard Model particles. The density of brane vectors as a function of time then follows from simple thermodynamics as long as they remain in thermal equilibrium. However, at some point in time the expansion rate of the Universe exceeds the annihilation rate of the brane vectors. The brane vector then falls out of thermal equilibrium, and from that moment on its density only changes due to the expansion of the Universe while annihilation effectively ceases. Typically, this freeze out occurs at temperatures that are about 1/20 times the mass M X . The brane vectors are therefore non-relativistic at freeze out, and consequently contribute to the cold dark matter density. In the numerical calculations, the freeze out temperature is determined by taking into account the non-relativistic annihilation cross-sections of pairs of brane vectors into all relevant pairs of Standard Model particles, and the corresponding relic brane vector abundance is obtained for each point in parameter space. Fig. 2 shows the dark matter constraints on the M X -F X parameter space in the case of a single flavor of brane vectors. In the red area of the graph the brane vector annihilation cross-section is so small that the brane vector freezes out too early in the evolution of the Universe and as a consequence its relic density exceeds the WMAP result. In the green area the brane vector relic density is below the WMAP dark matter density result, while at the boundary between the red and green areas the brane vector relic abundance matches the WMAP dark matter density result. In order for the green area of the parameter space to be consistent with the WMAP data, there must exist additional types of dark matter particles beyond the brane vector that are not included in the effective theory in order to make up for the deficit of the brane vector relic abundance as compared to the WMAP dark matter density result. When applying the dark matter direct detection constraints to the parameter space it is assumed that such additional types of dark matter have vanishing interactions with the nucleon. Under this conservative assumption, the lighter purple area in the graph is excluded by the CDMS II data, while the darker purple area is excluded by the XENON-10 data.
All of the above discussion assumed that all codimensions were isotropic. For any anisotropic codimension, there can be couplings to the Standard Model linear in X µ . Thus, in this case, the X vector acts like a Z ′ boson and is subject to its various experimental limits [4] .
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